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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates generally to 
medical equipment, and more particularly to an intrave- 
nous fluid heating system including heat delivery along 
a length of tubing prior to introduction of the fluid into 
the patient to maintain and control an elevated fluid tem- 
perature. 

2. Description of Related Art 

[0002] Normothermia for humans is 37° C (98.6° F). 
When the body temperature falls below 36°, clinicians 
refer to the condition as hypothermic. Except for those 
rare procedures where hypothermia is a planned and 
carefully controlled surgical tactic for protecting the pa- 
tient (e.g., open heartsurgery and some neurosurgery), 
hypothermia is regarded as generally a disfavored, un- 
controlled, and unintentional byproduct of medical pro- 
cedures. However, the occurrence of hypothermia in 
post surgical recovery rooms can be as high as 60% to 
70%. The outward manifestations of hypothermia can 
be shivering and discomfort, and the condition can lead 
to further complications. 

[0003] There are many known contributing factors to 
post-surgical hypothermia. Cold operating rooms con- 
tribute to the patient's loss of heat. Most ORs are kept 
colder than normal rooms, typically maintaining a max- 
imum temperature of 20° C. Another factor is the pa- 
tient's lack of clothing during a surgical procedure. Many 
times a patient will be exposed to the cold operating 
room with at most a flimsy gown, and in some instances 
the patient is predominantly exposed during what can 
be a lengthy procedure. Evaporation of fluids applied to 
the body such as Iodine can further rob the patient's 
body of heat. Another significant loss of heat can be the 
heat exchange between a body which has been opened, 
exposing the vital organs, and the surrounding environ- 
ment. These factors contribute to the high incidence of 
a patient's post-operative hypothermia. 
[0004] An important contributor to the hypothermia 
problem is the introduction of intravenous (IV) fluids into 
the patient before, during, and after surgery. For exam- 
ple, blood products are stored in refrigerators at temper- 
atures of 4° C prior to use, which is just above freezing. 
Other fluids such as saline or glucose solutions are 
stored at room temperature (20° C), which is approxi- 
mately 17° below the body temperature. When a cold 
fluid is introduced into the body, the body must work to 
bring the new fluid to the body's operating temperature 
at the expense of other body functions. In doing so, the 
body cools below its initial temperature, with the amount 
of cooling dependent on the quantity and temperature 
of the fluid to be introduced. Large amounts of fluid or 



very cold fluids can cause the patient's temperature to 
drop several degrees, thereby triggering hypothermia 
even without any other contributing factors. This effect 
is magnified in younger patients as well as the elderly. 
5 Thus, the introduction of blood and other IV solutions 
are a major contributor to the problem of hypothermia 
in post-surgical patients. 

[0005] In recognition of this problem, the medical 
community has tried to implement blood warmers which 
preheat the blood prior to introduction of the blood into 
the patient. However, blood warmers have heretofore 
been an unsatisfactory solution to the problem. First, 
while the existing blood warmers add some heat to the 
blood prior to delivery, the blood is still delivered at a 
temperature colder than the 37° - 38° C which is main- 
tained by the human body. This is attributable to heat 
loss of the preheated blood in the line from the heater 
to the point of infusion, where the warm line gives off 
heat to the colder surrounding environment. If the flow 
rate of the fluid is slow, then more heat is lost during the 
exposure time between the heater and the infusion 
point. 

[0006] The majority of prior art fluid warmers are lim- 
ited by having the heated region separate from the point 
of infusion, where the heat source is separated by the 
venipuncture site by a length of IV tubing. The fluid cools 
down in the unheated line necessitating a higher initial 
temperature of the heated fluid. However, overheating 
the fluid can break down products in the fluid and in 
some cases renderthefluid useless or unsafe. The cool- 
down is particularly severe at low flow rates where a long 
residency time in the post-heater connecting line results 
in heat energy loss that could be as much as the heat 
added. At higher flow rates, the heater response time of 
prior art heaters prevents rapid response to abrupt flow 
changes without overheating the fluid. 
[0007] United States Patent Specification No. 
5,713,864 discloses a flexible, integral polymer resist- 
ance-heated conduit that is particularly suitable for use 
with physiological fluids for uniformly heating the fluids 
and maintaining them at a predetermined temperature. 
A preferred embodiment disclosed in United States pat- 
ent specification No. 5,713,864 includes a conduit that 
is made of at least two types of polymeric materials. The 
first material is transparent to allow the user to view the 
contents of the conduit for determining whether fluid is 
oris not flowing in the conduit. A second material is con- 
ductive and is heated by ohmic resistance when electric 
current is passed through it. The two materials are in 
intimate contact and are preferably coextruded to trans- 
fer heat from the conductive sections to the other sec- 
tions. 

SUMMARY OF THE INVENTION 

[0008] To offset the problem of heat loss in the tubing 
which transports the IV fluid from the heating unit to the 
patient, the present invention employs a tubing which 
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comprises an internal heating web traversing the length 
of the tubing, which heats the flu id in the tubing and pre- 
vents the fluid from entering the patient below normoth- 
ermia temperatures. In a preferred embodiment, the 
present invention includes proximal and distal sensors 
which evaluate the temperatures at the beginning of the 
tube and the point of delivery, thereby providing a feed- 
back loop for controlling the temperature at the point of 
entry of the body. By placing a heating web inside the 
flow field of the moving fluid, the present invention ad- 
vantageously heats the fluid more efficiently and more 
evenly than if the outer walls of the tubing were heated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The exact nature of this invention, as well as 
its objects and advantages, will become readily appar- 
ent upon reference to the following detailed description 
when considered in conjunction with the accompanying 
drawings, in which like reference numerals designate 
like parts throughout the figures thereof, and wherein: 

Figure 1 is a schematic illustration of a preferred 
embodiment of the present invention including a 
gravity assisted fluid flow, a heating unit, and a 
length of tubing with internal heating web; 
Figure 2 is a second schematic illustration of a pre- 
ferred embodiment of the present invention as pre- 
viously depicted in Figure 1 with a pressure assisted 
fluid flow; 

Figure 3 is a schematic illustration of a length of tub- 
ing with a heating web of the present invention, 
shown partially in phantom; 
Figure 4 is a cross-sectional view of the tubing as 
depicted in Figure 3; 

Figure 5 is an elevated, perspective view of the tub- 
ing, partially cut away, and the internal heating web 
of the present invention; 

Figure 6 is a block diagram of a heater controller 
used in the heating unit of the present invention; and 
Figure 7 is a block diagram of a second heater con- 
troller with dual microprocessors. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 0] The following description is provided to enable 
any person skilled in the art to make and use the inven- 
tion and sets forth the best modes contemplated by the 
inventor of carrying out his invention. Various modifica- 
tions, however, will remain readily apparent to those 
skilled in the art, since the general principles of the 
present invention have been defined herein specifically 
to provide an IV fluid heating system with internal flow 
heating using an internal web to transmit heat to the 
moving fluid. 

[001 1 ] Figure 1 depicts a schematic of a fluid delivery 
system employing the present invention. An IV stand 



1 00 supports aflexiblecontainer 1 02 which stores afluid 
1 04 such as blood or saline to be delivered to the patient. 
The fluid 1 04 feeds to a drip chamber 1 06 which accu- 
mulates the fluid before delivery to the patient. A tube 

5 108 connecting the drip chamber 106 leads to a flow 
control valve 110 which regulates the flow rate of the 
fluid administered to the patient. A flexible tubing 112 
connects the flow control valve 110 to a junction 114, 
which preferably includes a thermistor or other temper- 

10 ature sensor for detecting the initial temperature of the 
fluid. The junction 114 is connected electronically to a 
heat controlling unit 116 preferably mounted on the IV 
stand 100 as shown. The heat controlling unit 116 is 
powered by an AC current via its power line 1 1 8, or could 

15 alternatively be powered by a dc battery if necessary. 
[0012] As fluid exits the junction 114, it travels along 
a tubing 120 to a cannula 122 or other means for intro- 
ducing the IV fluid to the patient. Along this length of 
tubing 120, heat is continuously transferred to the fluid 

20 as will be explained in greater detail below. At or near 
the cannula 122, a second thermal sensor is provided 
which measures the temperature of the fluid immediate- 
ly before the flu id's introduction into the patient, and this 
temperature is communicated back to the heat control- 
's Nng unit 116. By adjusting the amount of heat which is 
introduced along the length of tubing 1 20, the fluid tem- 
perature can be accurately controlled and delivered at 
the proper temperature. In this manner, a contributor to 
hypothermia is diminished or eliminated. 

30 [0013] Figure 2 depicts a second embodiment to that 
shown in Figure 1 , in which the intravenous fluid 1 04 is 
delivered using pressure in addition to gravity to control 
the flow rate. Using like numerals to represent like com- 
ponents, Figure 2 includes a pressure infuser 1 24 about 

35 the IV container 102 which imparts a pressure on the 
flexible container 102. A pressure gauge 126 attached 
to the pressure infuser 124 displays the pressure im- 
parted on the container 1 02, which may be applied using 
either a manual delivery such as a hand pump 128, or 

40 a mechanical delivery such as a motor (not shown). 
[0014] Figure 3 shows a cross-section of the tubing 
1 20, including devices to measure the fluid temperature 
and apply heat to the moving fluid. The junction 114 re- 
ceives the cold fluid from the flow rate controller and a 

45 thermal sensor 130 in the junction 114 measures the 
temperature of the cold fluid. This first thermal sensor 
130 senses overtemperature in the fluid, and can also 
be used to determine the initial power setting for heating 
the fluid. A flexible web 132 extends from the tubing 120 

50 into the junction 114, where electrical leads 134 are con- 
nected. The electrical leads 134 extend from an electri- 
cally insulating conduit 1 36 and extend to the heat con- 
trolling unit 116 as previously shown in Figure 1. 
[0015] The tubing 1 20 further includes a second ther- 

55 mal sensor 138 at the proximal end (i.e., end nearest 
the patient), and the temperature measurements from 
the first and second thermal sensors are communicated 
back to the heat controlling unit 116 via the conduit 136. 
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In a preferred embodiment, the proximal end includes a 
dual thermistor for redundancy, wherein a discrepancy 
between the two sensors forming the dual thermistor 
triggers an alarm that one of the thermistors has strayed 
from a predetermined tolerance. In this manner, a ther- 
mistor malfunction does not result in over-heated fluid 
being delivered to the patient. The tubing is preferably 
terminated at a "luer" connector 140, or similar attach- 
ment for facilitating the introduction of fluid into the pa- 
tient. 

[0016] Figure 3 also details first and second elec- 
trodes 1 42, 1 43 positioned at opposite ends of the web 
1 32, and connected by an electrical conduit 1 44 embed- 
ded in the web 1 32. The electrodes 1 42, 1 43 detect dis- 
continuities that may occur in the web 132, such as 
breaks, pinholes, insulation failure, and bubbles forming 
on the web. The formation of bubbles can give rise to 
excessive power dissipation and hot spots on the web, 
which may in turn damage the tubing 120. 
[001 7] Figures 4 and 5 show the web element 1 32 dis- 
posed in the tubing 1 20. The tubing itself may be of the 
type traditionally used for IVs, such as one-eighth inch 
polyvinyl chloride (PVC) tubing. The web 132 is flexible 
and preferably extruded along with the embedded heat- 
ing elements 146, from a heat-resistant material, and 
spans the diameter of the tubing as shown. The tubing 
120 and web 132 may be extruded together in a single 
configuration, or the web may be formed separate from 
thetubing and subsequently inserted therein. Where the 
web and tubing are formed together, the web diametri- 
cally spans the tubing, integrally forming intersections 
with the walls of the tubing at opposite sides of the tub- 
ing. 

[001 8] The web includes wires 1 46 to electrically heat 
the web 132, which in turn heats the fluid continuously 
along the tubing 120. Alternately, the wires 146 may 
traverse the web laterally as well as longitudinally in a 
zigzag pattern to provide more heat per length of tubing. 
By passing current through the wires 146, the dissipa- 
tion of power will cause the wires 1 46 to heat up along 
the entire length of the wires and consequently the web 
132 is heated. As the fluid continuously flows past the 
web 132, the heat from the web is transferred to the fluid 
via conduction and convection. The web 132 also car- 
ries wires 1 50 which convey signals from the thermistors 
130, 138, preferably along the central portion of the web. 
The web must be thin enough to allow the tubing to flex, 
but sturdy enough to prevent the web from cracking or 
splitting along the length of tubing. A typical width of the 
web is on the order of one tenth of an inch, and is pref- 
erably made from a plastic such as pvc or an extrudable 
elastomer. 

[0019] Figure 6 depicts a block diagram of a first em- 
bodiment feedback control circuit 1 52 employed by the 
present invention. The signal from the proximal thermis- 
tor is fed into an amplifier 1 54 which increases the signal 
strength, and the amplified signal is displayed at the dis- 
play unit 156 . The temperature signal is directed to an 



error amplifier 158, which receives the optimum or de- 
sired temperature from the heating unit input and com- 
pares the two signals. The difference is then supplied to 
a pulse width modulator (pwm) comparator 160, along 

5 with a known signal such as a triangle wave generated 
from a triangle wave generator 162, and the output of 
the comparator 160 is fed to an optical isolator 164. A 
heater transformer 1 66 is controlled by the output of the 
optical isolator 1 64, which in turn controls the amount of 

10 current generated in the heating wires 146 in the web 
132. As more heat is needed, the power to the trans- 
former is adjusted to augment the electrical current, rais- 
ing the power delivered to the wire and producing more 
heat. The increase in the heat is transferred to the fluid, 

15 which raises the downstream temperature at the proxi- 
mal thermistor. In this manner, the optimum temperature 
at the proximal thermistor is maintained. 
[0020] Figure 7 depicts a second feedback circuit 
comprising a dual microprocessor heat controller. In this 

20 circuit, signals from two proximal thermistors and one 
distal thermistor are converted to a digital signal via an- 
alog-to-digital converter 168 to a first microprocessor 
170. In parallel, the three thermistor signals 172a, 172b, 
1 72c are fed through a second analog-to-digital convert- 

25 er 1 74 along with a conductivity measurement 1 76, and 
the resultant digital signal 178 is directed to a second 
microprocessor 180 in communication with the first mi- 
croprocessor 170. A display unit 182 and input device 
184 are connected to the first microprocessor 170, 

30 which processes the digital signal and displays the tem- 
peratures at the display unit 182. The digital signals 
processed from the first and second microprocessors 
1 70, 1 80 are each delivered to separate optical isolators 
186a, 186b which test the signal using a primary triac 

35 and a secondary triac. The result of the test is used to 
adjust the power to the heater transformer 188, which 
in turn adjusts the current in the wires and the heat de- 
livered to the fluid. 

[0021] The disclosed heating system is a low mass, 
40 fast response time electrical heater that produces a flat- 
ter temperature versus flow characteristics profile as 
compared with fluid heaters using a heating jacket. 
Those skilled in the art will appreciate that various ad- 
aptations and modifications of the just-described pre- 
45 ferred embodiment can be configured without departing 
from the scope of the invention. For example, the feed- 
back control circuit could be modified from its described 
embodiments by those skilled in the art without depart- 
ing from the scope of the invention. Similarly, other 
50 changes are possible while practicing the invention. 
Therefore, it is to be understood that, within the scope 
of the appended claims, the invention may be practiced 
other than as specifically described herein. 



Claims 

1. A flexible medical tubing (120) for use in heating in- 
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livery temperature; 

a flow controller (110) for controlling the flow 
from the flexible container (1 02) to the flexible 
5 tubing (120); 

a first tubing (112) connected to the flow con- 
troller (110); 

10 a junction (114) connected to said first tubing 

(112), said junction (114) including an electrical 
connection and a conduit (136); 

a heat controlling unit (116) for receiving tem- 
15 perature signals from the junction (1 1 4) and ad- 

justing a current flow to the junction (1 1 4) in re- 
sponse to said signals, said conduit (1 36) con- 
necting said junction (1 1 4) to said heat control- 
ling unit (116); and 

20 

wherein the internal flexible web (132) of the 
medical tubing (120) is in electrical communi- 
cation with said junction (114) wherein said cur- 
rent provided to the junction (114) by the heat 
25 controlling unit (116) is transferred to the web 

(132) which converts the current to heat and 
said heat is transferred to a fluid in said medical 
tubing (120). 

30 9. Thesystem of Claim 8 further comprising afirsttem- 
perature sensor (138) located at a proximal end of 
said medical tubing (120) adjacent a delivery loca- 
tion, said first temperature sensor (138) providing a 
signal carried along said internal web (132) to said 

35 junction (114) and from there to said heat controlling 
unit (1 1 6) for use in adjusting the current flow. 

10. The system of Claim 9 further comprising a second 
temperature sensor (130) located at a distal end of 

40 said medical tubing (1 20), said second temperature 
sensor (1 30) providing a signal to said heat control- 
ling unit (11 6) for use in adjusting the current flow. 

11. The system of Claim 8 wherein the flow of fluid is 
45 controlled solely by gravity, 



travenous fluids and for conducting said intrave- 
nous fluid; comprising at least one heating element; 

characterized in that said flexible medical 
tubing further comprises: 

an internalflexible web (132) disposed in said 
flexible tubing to provide heat transfer surfaces 
in contact with the intravenous fluid, and in that 
said web (132) comprises said at least one 
heating element (146) embedded within said 
web (132), said at least one heating element 
(146) being spaced from said flexible tubing 
(120), and said web (132) traversing generally 
the length of flexible tubing (1 20) for communi- 
cating heat to the intravenous fluid. 

2. The medical tubing of Claim 1 further comprising a 
first temperature sensor (1 38) disposed in said flex- 
ible tubing (120). 

3. The medical tubing of Claim 2 wherein the first tem- 
perature sensor (138) is disposed at a proximal lo- 
cation to an end of the tubing (1 20) where the intra- 
venous fluid is to be delivered. 

4. The medical tubing of Claim 3 further comprising a 
redundant temperature sensor (138) disposed at 
the proximal location. 

5. The medical tubing of Claim 3 further comprising a 
distal temperature sensor (1 30) disposed at a distal 
location to the end of the tubing where the intrave- 
nous fluid is to be delivered. 

6. The medical tubing of Claim 1 , wherein the internal 
web (132) comprises a first heat conducting wire 
(146) disposed along a first edge, and a second 
heat conducting wire (146) disposed along a sec- 
ond edge, and a third wire (150) communicating a 
temperature signal. 

7. The medical tubing of Claim 1 further comprising a 
junction (114) disposed at an end of said length of 
tubing (120) distal to a location where said fluid is 
to be delivered, said junction (114) comprising a 
temperature sensor (130) for measuring the fluid 
entering the junction (114), and further comprising 
electrical connectors (1 34) cooperating with said in- 
ternal web to provide an adjustable electric current 
to said internal web. 

8. A system for delivering an intravenous fluid to a pa- 
tient at an elevated, controlled temperature com- 
prising a medical tubing. (120) as defined in any of 
Claims 1 to 7. the system further comprising: 

a flexible container (1 02} for storing fluid, where 
the fluid is below a predetermined optimum de- 



12. The system of Claim 8 wherein the flow of fluid is 
controlled in part by a pumping apparatus (128). 



50 

Patentanspruche 

1 . Ein flexibler medizinischer Schlauch (1 20) zur Ver- 
wendung beim Erwarmen intravenoser Fluide und 
55 zum Weiterleiten besagten intravenosen Fluids; 
welcher zumindest ein Heizelement umfasst; 
dadurch gekennzeichnet, dass besagter flexibler 
medizinischer Schlauch weiterhin umfasst: 
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einen in besagtem flexiblen Schlauch angeord- 
neten inneren flexiblen Steg (132) zur Ver- 
schaffung von Warmeubertragungsoberfla- 
chen in Kontakt mit dem intravenosen Fluid, 
unddadurch, dass besagterSteg (132) besag- 
tes zumindest eine Heizelement (146) in be- 
sagten Steg (132) eingebettet umfasst, wobei 
besagtes zumindest eine Heizelement (146) 
von besagtem flexiblen Schlauch (120) beab- 
standet ist und besagter Steg (132) im allge- 
meinen die Lange des flexiblen Schlauchs 
(1 20) durchlauft, urn Warme auf das intraveno- 
se Fluid zu ubertragen. 

2. Der medizinische Schlauch gemaB Anspruch 1 , der 
weiterhin einen in besagtem flexiblen Schlauch 
(120) angeordneten ersten Temperatursensor 
(138) umfasst. 

3. Der medizinische Schlauch gemaB Anspruch 2, wo- 
bei der erste Temperatursensor (138) an einer pro- 
ximalen Stelle zu einem Ende des Schlauchs (1 20), 
wo das intravenose Fluid abgegeben werden muss, 
angeordnet ist. 

4. Der medizinische Schlauch gemaB Anspruch 3, der 
weiterhin einen an der proximalen Stelle angeord- 
neten uberzahligen Temperatursensor (138) um- 
fasst. 

5. Der medizinische Schlauch gemaB Anspruch 3, der 
weiterhin einen an einer distalen Stelle zu dem En- 
de des Schlauchs, wo das intravenose Fluid abge- 
geben werden muss, angeordneten distalen Tem- 
peratursensor (130) umfasst. 

6. Der medizinische Schlauch gemaB Anspruch ^wo- 
bei der innere Steg (1 32) einen entlang einer ersten 
Kante angeordneten ersten warmeleitenden Draht 
(146) und einen entlang einer zweiten Kante ange- 
ordneten zweiten warmeleitenden Draht (146) und 
einen ein Temperatursignal ubertragenden dritten 
Draht (150) umfasst. 

7. Der medizinische Schlauch gemaB Anspruch 1 , der 
weiterein an einem Ende besagten Schlauchstucks 
(120) distal zu einer Stelle, wo besagtes Fluid ab- 
gegeben werden muss, angeordnetes Verbin- 
dungsstuck (114) umfasst, wobei besagtes Verbin- 
dungsstuck (114) einen Temperatursensor (130) 
zum Messen des in das 

weiter elektrische Anschlussstucke (134) umfasst, 
die mit besagtem inneren Steg zusammenwirken, 
urn besagtem inneren Steg einen regelbaren elek- 
trischen Strom zuzufuhren. 

8. Ein System zur Abgabe eines intravenosen Fluids 
an einen Patienten auf einer erhohten, kontrollier- 



ten Temperatur, das einen medizinischen Schlauch 
(120) umfasst, wie in einem der Anspruche 1 bis 7 
definiert, wobei das System weiterhin folgendes 
umfasst: 

einen flexiblen Behalter (1 02) zur Lagerung von 

Fluid, wobei das Fluid unter einer vorbestimm- 

ten optimalen Abgabetemperatur ist; 

einen Durchflussregler (110) zur Steuerung 

des Flusses aus dem flexiblen Behalter (102) 

zu dem flexiblen Schlauch (120); 

einen an den Durchflussregler (110) ange- 

schlossenen ersten Schlauch (112); 

ein an besagten ersten Schlauch (112) ange- 

schlossenes Verbindungsstuck (114), wobei 

besagtes Verbindungsstuck (1 1 4) einen elektri- 

schen Anschluss und eine Leitung (136) ent- 

halt; 

eine Warmeregeleinheit (1 1 6) zum Empfangen 
von Temperatursignalen von dem Verbin- 
dungsstuck (114) und Regulieren eines Strom- 
flusses zu dem Verbindungsstuck (114) in Re- 
aktion auf besagte Signale, wobei besagte Lei- 
tung (136) besagtes Verbindungsstuck (114) 
mit besagter Warmeregeleinheit (116) verbin- 
det; und 

wobei der innere flexible Steg (132) des medizini- 
schen Schlauchs (120) in elektrischer Verbindung 
mit besagtem Verbindungsstuck (114) steht, wobei 
besagter, dem Verbindungsstuck (114) von der 
Warmeregeleinheit (11 6) zugefuhrte Strom auf den 
Steg (132) ubertragen wird, der den Strom in War- 
me umwandelt, und besagte Warme auf ein Fluid 
in besagtem medizinischen Schlauch (120) uber- 
tragen wird. 

9. Das System gemaB Anspruch 8, das weiterhin ei- 
nen an einem proximalen Ende besagten medizini- 
schen Schlauchs (120) benachbart zu einer Abga- 
bestelle befindlichen ersten Temperatursensor 
(138) umfasst, wobei besagter Temperatursensor 
(138) ein Signal bereitstellt, das entlang besagtem 
inneren Steg (132) zu besagtem Verbindungsstuck 
(114) und von dort zu besagter Warmeregeleinheit 
(1 1 6) zur Verwendung beim Regulieren des Strom- 
flusses ubertragen wird. 

10. Das System gemaB Anspruch 9, das weiterhin ei- 
nen an einem distalen Ende besagten medizini- 
schen Schlauchs (120) befindlichen zweiten Tem- 
peratursensor (130) umfasst, wobei besagter zwei- 
ter Temperatursensor (130) ein Signal zu besagter 
Warmeregeleinheit (11 6) zur Verwendung beim Re- 
gulieren des Stromflusses bereitstellt. 

11. Das System gemaB Anspruch 8, wobei der Fluid- 
strom ausschlieBlich durch die Gravitation gesteu- 
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ert wird. 

12. Das System gemaB Anspruch 8, wobei der Fluid- 
strom teilweise durch eine Pumpvorrichtung (128) 
gesteu ert wird. 5 

Revendications 

1. Tubulure medicale flexible (120) a utiliser dans le 10 
chauffage de f luides intraveineux et pour la conduc- 
tion dudit fluide intraveineux, comprenant au moins 
un element de chauffage, 

caracterisee en ce que ladite tubulure medi- 
cale flexible comprend en outre : 15 



prenant en outre un raccord (114) dispose a une 
extremite de ladite longueur de tubulure (120) en 
position distale par rapport a I'endroit auquel ledit 
fluide doit etre distribue, ledit raccord (114) compre- 
nant un capteurde temperature (130) pour mesurer 
le fluide penetrant dans le raccord (1 1 4), et compre- 
nant en outre des connecteurs electriques (134) 
cooperant avec ladite paroi interne pour procurer 
un courant electrique reglable a ladite paroi interne. 

8. Systeme pour distribuer un fluide intraveineux a un 
patient a une temperature elevee controlee com- 
prenant une tubulure medicale (1 20) telle que defi- 
nie dans Tune quelconque des revendications 1 a 
7, le systeme comprenant en outre : 



une paroi flexible interne (132) disposee dans 
ladite tubulure flexible pour procurer des surfa- 
ces de transfert thermique en contact avec le 
fluide intraveineux, et en ce que ladite paroi 20 
(132) comprend ledit au moins un element de 
chauffage (1 46) a I'etat encastre dans ladite pa- 
roi (132), ledit au moins un element de chauf- 
fage (1 46) etant espace par rapport a ladite tu- 
bulure flexible (120), et ladite paroi (132) 25 
s'etendant en general surtoute la longueur de 
la tubulure flexible (120) afin de communiquer 
de la chaleur au fluide intraveineux. 



2. Tubulure medicale selon la revendication 1, com- 30 
prenant en outre un premier capteur de temperatu- 
re (138) dispose dans ladite tubulure flexible (120). 

3. Tubulure medicale selon la revendication 2, dans 
laquelle le premier capteur de temperature (138) 35 
est dispose a un endroit proximal par rapport a I'ex- 
tremite de la tubulure (120) a laquelle le fluide in- 
traveineux doit etre distribue. 

4. Tubulure medicale selon la revendication 3, com- 40 
prenant en outre un capteur de temperature redon- 
dant (138) dispose a I'endroit proximal. 

5. Tubulure medicale selon la revendication 3, com- 
prenant en outre un capteur de temperature distal 45 
(130) dispose a un endroit distal par rapport a I'ex- 
tremite de la tubulure a laquelle le fluide intravei- 
neux doit etre distribue. 

6. Tubulure medicale selon la revendication 1 , dans 50 
laquelle la paroi interne (132) comprend un premier 

fil metallique thermoconducteur (146) dispose le 
long d'un premier bord, un deuxieme fil metallique 
thermoconducteur (146) dispose le long d'un 
deuxieme bord et un troisieme fil metallique (150) 55 
communiquant un signal de temperature. 

7. Tubulure medicale selon la revendication 1, com- 



un recipient flexible (1 02) pour stocker du flui- 
de, la temperature du fluide etant inferieure a 
une temperature de distribution optimale 
predeterminee ; 

un regulateur du debit (1 1 0) pour regler le debit 
entre le recipient flexible (102) et la tubulure 
flexible (120) ; 

une premiere tubulure (112) connectee au re- 
gulateur du debit (110) ; 
un raccord (114) connecte a ladite premiere tu- 
bulure (112), ledit raccord (114) englobant une 
connexion electrique et un conduit (136) ; 
une unite de reglage thermique (116) pour la 
reception de signaux de temperature emis par 
le raccord (114) et pour regler une circulation 
de courant en direction du raccord (114) en re- 
ponse auxdits signaux, ledit conduit (136) re- 
liant ledit raccord (11 4) a ladite unite de reglage 
thermique (116) ; et 

dans lequel la paroi flexible interne (132) de 
la tubulure medicale (1 20) est mise en communica- 
tion electrique avec ledit raccord (114), ledit courant 
fourni au raccord (114) par I'unite de reglage ther- 
mique (116) etant transfere a la paroi (132) qui 
transforme le courant en chaleur et ladite chaleur 
etant transferee a un fluide dans ladite tubulure me- 
dicale (120). 

9. Systeme selon un revendication 8, comprenant un 
premier capteur de temperature (138) dispose a 
I'extremite proximale de ladite tubulure medicale 
(120) en position adjacente a un endroit de distri- 
bution, ledit premier capteur de temperature (138) 
fournissant un signal transports le long de ladite pa- 
roi interne (1 32) audit raccord (1 1 4) et, de la, a ladite 
unite de reglage thermique (116) a utiliser pour re- 
gler la circulation du courant. 

10. Systeme selon un revendication 9, comprenant en 
outre un deuxieme capteur de temperature (130) 
dispose a I'extremite distale de ladite tubulure me- 
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dicale (120), leditdeuxiemecapteur de temperature 
(1 30) fournissant un signal a ladite unite de reglage 
thermique (116) a utiliser pour regler la circulation 
du courant. 

5 

1. Systeme selon la revendication 8, dans lequel 
I'ecoulement de fluide est regie uniquement par la 
force de gravite. 

2. Systeme selon la revendication 8, dans lequel 10 
I'ecoulement de fluide est regie en partie par un ap- 
pareil de pompage (128). 
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